In the framework of models on the lateralized involvement of the cortical hemispheres in affect and psychopathology, the authors examined whether cognitive processes associated with the left and the right prefrontal cortex varied as a function of valence, motivational direction, or intensity of induced mood. Affective states (cheerfulness, anxiety, sadness, anger, and neutral mood) were experimentally induced by short "emotionally contagious films." Findings confirmed that the newly developed films were suitable to effectively elicit the expected affective states and to differentially change the dimensions of interest. Changes in verbal versus figural fluency performance were examined as a function of positive versus negative valence, approach versus withdrawal motivation, and low versus high emotional arousal. Level of interest was evaluated as a control. Both the tendency to withdraw and emotional arousal seemed to produce relative advantages for cognitive processes that are more strongly represented in the right than left prefrontal cortex. Findings suggest that changes in cognitive performance might be best explained by an additive combination of motivational direction and arousal.
Despite a large body of literature addressing lateralized involvement of the cortical hemispheres in affect and psychopathology (e.g., Davidson, 1992; Heller, 1993) , relatively little is known regarding the implications for functional lateralization (Papousek & Schulter, 2006) . Investigation of specific mood-dependent cognitive changes may add important evidence about functional processes that are related to the activation asymmetries observed in electroencephalogram (EEG) and neuroimaging studies (Gray, 2004) .
It is generally accepted that affective and cognitive systems work hand in hand and that their integrated operation is necessary for adaptive functioning (e.g., Davidson, 2000; Ochsner & Phelps, 2007) . There is also evidence that higher cognitive processes can be affected by positive or negative emotional states in a beneficial or a detrimental way, and patients with depression or anxiety disorders show various cognitive abnormalities (for reviews see, e.g., Levin, Heller, Mohanty, Herrington, & Miller, 2007; Mitchell & Phillips, 2007) . It seems likely that reciprocal connections between brain circuits involved in affect and cognition exist (Drevets & Raichle, 1998; Northoff et al., 2004) . More specifically, it was speculated that affective and cognitive processes may share certain more general functions, and that affect and cognition may influence each other at the stage of these more elementary functions (Gray, 2001; Gray, Braver, & Raichle, 2002) . Alternatively, increase of cortical activation by emotional processes may spread out to circuits involved in certain cognitive processes (see Drake, 2004, and Schulter, 2004 , for summaries of evidence of an overflow of activation into related areas). It has been suggested that the dorsolateral prefrontal cortex may be an important site of integration between affective and cognitive processes (Davidson, 2000; Gray, 2001; Mitchell & Phillips, 2007) . In the models on functional brain asymmetry in emotion, which form the background of the present study, special importance is attached to asymmetries of the prefrontal cortex, above all the dorsolateral prefrontal cortex (Papousek & Schulter, 2002) .
Examining the basic underlying dimensions of emotional experience seems essential to advance scientific progress in the field (Heller, Koven, & Miller, 2003) . Mainly three dimensions are potentially relevant in this context: Valence (from pleasant to unpleasant), motivational direction (from approach to withdrawal), and emotional arousal (intensity of affect, from calm to excited). In different models, different dimensions have been considered as particularly important.
The valence model suggests that right prefrontal cortex is specialized for unpleasant affect, and left prefrontal cortex for pleasant affect (e.g., Heller & Nitschke, 1998) . Consequently, unpleasant affect is expected to be accompanied by the tendency to more strongly activate right than left prefrontal cortex, and pleasant affect by the opposite pattern of asymmetry. The motivational direction model posits that prefrontal cortex may be involved in approach-and withdrawal-related motivational tendencies (e.g., Davidson, 1992; Harmon-Jones, 2004a) . According to this model, it is expected that withdrawal-related affect is associated with relatively greater right than left prefrontal activity, and approachrelated affect with relatively greater activity of left than right prefrontal cortex. However, as most unpleasant emotions are accompanied by withdrawal tendencies, effects of valence and mo-tivational direction are inseparably confounded in most studies, and, consequently, the same research results were interpreted as supporting the valence model by some researchers and as supporting the motivational direction model by others. Occasionally, the two dimensions were in fact equated, with right prefrontal cortex proposed to be involved in "negative withdrawal related" and left prefrontal cortex in "positive approach related" affect (e.g., Davidson, 1988) . To disentangle valence and motivational direction, it is useful to examine not only depressive or anxious moods but also anger, which is considered an unpleasant affect with approach motivational tendencies (Harmon-Jones, 2004b) . Results from studies with anger suggest that the motivational direction dimension might explain more variance of dorsolateral frontal asymmetry than affective valence (e.g., Harmon-Jones & Allen, 1998; but see Stewart, Levin-Silton, Sass, Heller, & Miller, 2008) .
Finally, the right hemisphere model maintains that the right hemisphere is generally specialized for the experience of affect, regardless of valence or motivational direction (e.g., Borod, 1992; Gainotti, 2000) . This model has been based mainly on changes observed after brain damage, but there is also evidence from studies with healthy individuals that has been interpreted in favor of this model. It can be tested by examining emotional arousal, for instance, by comparing states with low versus high intensity of (any) affect or by comparing positive and negative conditions to a neutral one. It was reported, for example, that participants with relatively greater activation of right than left hemisphere reported more intense affect after presentation of emotionally evocative films, irrespective of valence (Hagemann, Hewig, Naumann, Seifert, & Bartussek, 2005) . The role of arousal is explicitly taken into account in Heller's circumplex model (Heller, 1993; Heller et al., 2003) . However, compared with the valence and motivational direction models, relatively few experimental studies to date have focused on lateralized cortical correlates of varying degrees of intensity of affect.
Furthermore, in many studies valence or motivational direction has been confounded with intensity of emotional arousal. As it generally seems more difficult to induce positive than negative mood states (Westerman, Spies, Stahl, & Hesse, 1996) , in many studies the positive mood conditions may have been associated with lower intensity of affect than the negative ones. In such cases, if there is no comparable neutral condition (i.e., a condition with generally low emotional arousal), no inferences can be drawn about whether changes in activation asymmetry are really because of valence or actually of differences in (unspecific) emotional arousal. The same problem arises if a neutral condition is compared with a negative one and no comparable positive mood condition is implemented. It has been suggested, therefore, that if researchers are interested in the effects of valence as opposed to arousal, the intensities of elicited positive and negative responses should be equated (e.g., Wager, Phan, Liberzon, & Taylor, 2003) . However, this can be difficult, for instance, because some mood states are intrinsically associated with lower emotional arousal than others (see, e.g., Faith & Thayer, 2001 ). Unfortunately, a completely crossed experimental design is also impossible. The valence and arousal dimensions are not entirely independent, because emotions at the lower end of the arousal dimension vary considerably less on the valence dimension than emotions located at the higher end of the arousal dimension (Lang, Bradley, & Cuthbert, 1998) . Moreover, no positive emotions with withdrawal motivational tendencies seem to exist. Nevertheless, attempts to disentangle the effects of the different emotional dimensions seem to be valuable, even if it might not be possible to accomplish the task in a perfect way.
When exploring interrelationships between affective and cognitive processes based on laterality models of affect, it is of particular interest to examine whether specific affective states may selectively enhance or impair functions that are asymmetrically represented in the cortical hemispheres, that is, whether they may affect some cognitive functions but not others. In fact, empirical results demonstrated that putatively left-and right-hemispheric cognitive performances changed after the induction of positive and negative mood states (Bartolic, Basso, Schefft, Glauser, & TitanicSchefft, 1999; Gray, 2001 ). The findings of these studies corresponded to expectations. Specifically, better left than right hemisphere performance was observed after the induction of positive mood and better right than left hemisphere performance was observed after negative mood induction. However, although these studies yielded important evidence, it could not be determined whether the cognitive laterality effects were because of changes of valence, motivational direction, or arousal. In neither of these studies were comparisons of positive and negative mood conditions with neutral (baseline) measures reported, and in both studies altered mood states were induced by manipulations with strong cognitive components (statements, stories of films). Findings of another study may be seen as additional evidence of interconnections between emotional factors, cognitive functions, and lateralized prefrontal activity (Herrington et al., 2005) , but cannot be interpreted unequivocally from a laterality research point of view.
Whereas Gray (2001) observed hemisphere specific cognitive performance by using working memory tasks, Bartolic et al. (1999) used fluency tasks (verbal vs. figural fluency). For both fluency tasks there is good evidence that relative changes in performance may be specifically and sensitively related to changes of phasic activation asymmetry in the prefrontal cortex.
1 Several studies have shown that phonemic verbal fluency tasks are sensitive to dysfunction of left frontal brain regions (see, e.g., Henry & Crawford, 2004 for a meta-analysis) and figural fluency tasks to dysfunction of right anterior brain regions (e.g., Baldo, Shimamura, Delis, Kramer, & Kaplan, 2001; Lee et al., 1997; Ruff, Allen, Farrow, Niemann, & Wylie, 1994) . In addition, positron emissions tomography (PET), functional magnetic resonance imaging (fMRI), and EEG studies confirmed that phonemic fluency tasks predominantly engage regions in the left dorsolateral prefrontal cortex in normal volunteers (Elfgren & Risberg, 1998; Friedman et al., 1998; Frith, Friston, Liddle, & Frackowiak, 1991; Gaillard et al., 2000; Pujol et al., 1996) . An EEG study in healthy subjects demonstrated that performance on a figural fluency task was better when right frontal regions were more active (Foster, Williamson, & Harrison, 2005) . Similarly, better verbal fluency performance was related to greater asymmetry in favor of left than right dorsolateral prefrontal cortex (Papousek & Schulter, 2004) .
Findings from several investigations also demonstrated more generally that regionally specific lateralized activation of brain regions putatively relevant to a task is associated with better task performance (Davidson, Chapman, Chapman, & Henriques, 1990; Gur et al., 1994 Gur et al., , 2000 Gur & Reivich, 1980; Wendt & Risberg, 1994) . Therefore, it can be assumed that if activation asymmetry in a prefrontal cortical area is changed by mood manipulation, this will enhance performance of tasks that primarily depend on this or a related area of the more active hemisphere. More specifically, based on the models outlined above, it can be predicted that negative or withdrawal-related affective states or high emotional arousal would be accompanied by an increase in figural relative to verbal fluency performance. Pleasant or approach-related affective states or low emotional arousal should be accompanied by an increase in verbal relative to figural fluency performance.
For several reasons, it is important to analyze relative verbal versus figural fluency performance. First, changes of absolute performance on a task may be influenced by many additional factors (e.g., tiredness or distraction). Thus, in most cases absolute performance of one task alone is not suitable to indicate changes in the absolute activation level of the task-relevant region in one hemisphere. However, as it can be assumed that the general factors influence all performance equally, relative changes of activation asymmetry should still affect relative changes of left to right hemisphere cognitive performance. Second, both in connection with cognition (performance on hemisphere-specific tasks; Davidson et al., 1990; Gur et al., 1994) and emotion (Heller, Nitschke, Etienne, & Miller, 1997) it was concluded that the relative difference in activation between the hemispheres is more important than, for instance, the level of left-hemisphere activation per se. (That is, no effect of left-hemisphere activation can be expected if the right hemisphere is activated, too.) Consequently, relationships to other variables often cannot be observed if only absolute activity at individual sites is examined and data of the left and the right hemisphere are not related to each other (see, e.g., Blackhart & Kline, 2005; Papousek & Schulter, 2004) . For these reasons, if laterality is the focus of interest, findings of studies examining effects of mood on verbal fluency performance only (i.e., without relating it to nonverbal performance) cannot be interpreted unequivocally (e.g., Clark, Iversen, & Goodwin, 2001; Phillips, Bull, Adams, & Fraser, 2002) . In this case, it cannot be determined whether the mood manipulation may have induced a change in laterality (i.e., relatively greater increase of left than right hemisphere performance) or just a general increase of performance (activation of left and right hemispheres?) and, therefore, whether findings can be interpreted in terms of laterality models at all (that, by definition, are about relative differences between the left and the right hemisphere). In addition, general factors like motivation or distraction that would have affected all performance may have confounded previous findings.
Consequently, in the present study special attention was focused on changes of relative verbal versus figural fluency performance. Performances on both left and right hemisphere tasks were related to each other by calculating laterality coefficients, a traditional technique of laterality research in which the variation in asymmetry is separated from the variation in general magnitude (Harshman & Lundy, 1988; Papousek & Schulter, 2006; Porac & Coren, 1981 ; see Method section). Nonselective effects of altered mood on cognitive processes, for instance, on general performance or the willingness to achieve good results are a completely different matter and will not be considered here.
In the literature, mood has been induced through a wide range of procedures. Most of these contain high degrees of cognitive demand, for instance, autobiographical recall, imagery, discrimination, naming, understanding the story of a film, and so forth. Again viewed from the perspective of laterality research, this may be problematic, because the (not necessarily emotion-related) cognitive processes may also influence activation asymmetry and, consequently, may confound the correlates of emotional experience (Ehrlichman, 1987) . Other mood induction techniques that rely more on automatic processes like music or odors can be perceived as pleasant or unpleasant but have limited potential to elicit more differentiated moods. Therefore, we produced short films that were designed to automatically "infect" participants with a certain affect. These "emotionally contagious films" (ECOFs) do not contain a story but only show head and shoulders of a woman who openly expresses the respective affect. One film shows the expression of sadness, anxiety, anger, cheerfulness, and neutral mood, respectively (see Method section). The use of emotional contagion for mood induction has the advantage that it represents a largely automatic and unconscious process (Botvinick et al., 2005; Dimberg, Thunberg, & Elmehed, 2000; Hatfield, Cacioppo, & Rapson, 1994; Hennenlotter et al., 2005; Hess & Blairy, 2001; Neumann & Strack, 2000; Wicker et al., 2003) . Therefore, success of the manipulation probably depends on cognitive resources less than other methods. In addition to that, differentiated moods can be induced, and the induced mood presumably is more substantial and of longer duration than that elicited, for instance, by pictures with emotionally relevant content (Biele & Grabowska, 2006; Weyers, Mühlberger, Hefele, & Pauli, 2006) .
Based on these considerations, the aim of the present study was to test whether cognitive processes associated with left and right prefrontal cortex vary as a function of valence, motivational direction, or intensity of induced mood. Effects of watching the ECOFs on relative changes of verbal versus figural fluency performance were examined. Specific comparisons were made between films with positive versus negative valence, approach versus withdrawal motivation, and low versus high emotional arousal. Level of interest was evaluated as a control. As mentioned before, it is impossible to completely vary the three affective dimensions in a fully crossed design. The present study went beyond other studies in that not only were positive and negative mood states induced but also a neutral (i.e., low arousal) condition was used. In addition, negative moods were not just coupled with the tendency to withdraw (sadness, anxiety) but also with approach motivation (anger), and all conditions were realized in the same study and in a completely within-subjects design.
Provided that laterality models of affect do not only hold for interindividual differences (traits) but also for intraindividual (state-related) changes, the following predictions can be formulated. Participants will show relatively better figural (right hemisphere) than verbal (left hemisphere) fluency performance after (a) watching films that induce negative valenced as compared to positive valenced mood (valence model), (b) and/or watching films that induce withdrawal motivation as compared to approach motivation (motivational direction model), (c) and/or watching films that induce high emotional arousal (intensity of affect) as compared with films inducing little emotional arousal (right hemisphere model).
Method

Participants
Participants were 70 female, right-handed psychology undergraduates aged 19 to 42 years (M ϭ 26, SD ϭ 4 years). The sample was restricted to women because there is some evidence that the valence-specific laterality pattern may hold only or more strongly for women (Kline, Allen, & Schwartz, 1998; Rodway, Wright, & Hardie, 2003) . Moreover, women tend to show stronger responses to emotional stimuli in general and are more susceptible to experiencing other's emotions in particular (Kring & Gordon, 1998; Sonnby-Borgström, Jönsson, & Svensson, 2008) . Most importantly, a recent brain imaging study of lateralized responses to facial expressions indicated that an interaction between sex of the viewer and sex of the displayed face may exist (Armony & Sergerie, 2007) . Therefore, if women and men had been included in the sample, it would have been necessary to use a crossed design with sex of viewer and sex of actor or actress as factors. This would have been unfeasible in a within subjects design with five different emotions. Handedness was assessed by a standardized handedness test (performance test; Papousek & Schulter, 1999; Steingrüber & Lienert, 1971) . No subject was using drugs or medication.
ECOFs
Five ECOFs were presented: sadness (S), anxiety (X), anger (A), cheerfulness (C), and neutral (N). The films (1 min, 20 s each) all show head and shoulders of the same woman standing in front of a black background. In the sadness film, the actress is weeping intensely. In the anxiety film, her facial expression, posture, and movements are expressing intense fear. In the anger film, she is openly expressing anger in a rather aggressive way. In the cheerfulness film, she is laughing heartily. In the neutral film, her facial expression and posture expresses concentration on a task (task not visible). To make them as comparable as possible, all films were presented without sound, because only sadness (weeping) and cheerfulness (laughter) would have been associated with distinct sounds. The displayed affect was never named before or after presentation of a film.
Rating Scales
The general instruction for the rating scales read: "Please indicate what effect the film had on you personally." Affect ratings. Four ratings were used to evaluate whether the films specifically evoked the intended affective states: "The film infected me with cheerfulness," "The film infected me with anxiety," "The film infected me with sadness," "The film infected me with anger." Six additional affect ratings were used for control purposes (disgust, hatred, desire, envy, pride, and joy).
Dimension ratings. The following ratings were used to assess the affective dimensions: "The film aroused an unpleasant feeling in me," "The film aroused a pleasant feeling in me," "The film aroused the want to escape in me," "The film aroused the want to take action in me," "The film infected me with excitement," "The film aroused my interest." The "pleasant" and "unpleasant" ratings were combined to a valence score, with low values indicating positive and high values indicating negative valence [((unpleasant ϩ (100-pleasant))/2]. A motivational direction score was obtained by combining the "escape" and "take action" ratings, with low values indicating a tendency toward approach and high values a tendency toward withdrawal [((escape ϩ (100-active))/2]. The "excitement" and "interesting" ratings were used as indicators for the evoked amount of emotional arousal and interest.
Participants indicated their judgments on 10 cm horizontal visual analogue scales. Their responses were scored in millimeters from 0 ("do not agree at all") to 100 ("strongly agree"). Advantages of analogue scales are that they are time effective, easy to use, and, when applied repeatedly, may be more sensitive to detect small differences and may be less influenced by memory than Likert scales. The special item format was chosen because in pretests participants had indicated that they found it much easier to truthfully answer the question "Please indicate what effect the film had on you personally: The film infected me with sadness" than questions like "How did you feel while watching the film: I felt sad." Findings of other studies provided evidence for the validity of the ratings. For instance, groups showing higher cardiovascular responses to a particular film also showed higher scores on the respective affect rating (Papousek, Freudenthaler, & Schulter, 2008) . In another study, findings for the ratings matched results that were obtained with other methods (Papousek et al., 2009) .
Cognitive Tests
For the verbal fluency tasks, participants were instructed to write on a sheet of paper as many nouns as possible beginning with a certain letter of the alphabet ("B," "A," "F," "N," "D"). They were given 1 min to complete each task and were instructed that personal names would not be counted and composite words beginning with the same word (e.g., housewife, household) would be counted only once. In the figural fluency tasks, the participants were given three figural elements (e.g., a circle and two lines). They were instructed to draw as many new configurations of the given elements as possible within a 1-min period and were told neither to rotate the given elements nor to add any new elements. The test score was the number of unique designs. The total mean was M ϭ 11.0 (SD ϭ 2.2) for the verbal fluency tasks and M ϭ 13.1 (SD ϭ 3.2) for the figural fluency tasks. To examine changes of relative left to right hemisphere performance, performances on the verbal and figural tasks were related to each other by calculating laterality coefficients [LQ ϭ ((verbal -figural) 
‫ء‬ 100]. As the two tests differed in their means and standard deviations, test scores were standardized on the individual mean across films (T-values) before the calculation of laterality coefficients, to facilitate interpretation of laterality scores and their relative changes within participants. Statistical conclusions are not affected by the standardization.
Procedure
Participants were tested one by one in an examination room, where the films were presented on a laptop screen. To facilitate attention and absorption, the laptop and the head of the participant were positioned in a black box, to avoid visual distractions. To avoid acoustic interference, participants wore standard hearing protection earmuffs. Order of films was counterbalanced, so that each film was presented at each position with the same overall frequency. At the beginning, some personality questionnaires were administered that are not relevant to this report. After the participants had completed practice trials for the verbal and the figural fluency tasks, the ECOFs were presented. Participants were instructed as follows. "You will now see a short film. Please direct your whole attention to the film, let the film sink in and try to feel with the person in the film." After each film, the participants filled out the rating scales and completed the verbal and figural fluency tasks. Half of the participants started with the verbal, and half with the figural task. Before the next ECOF was presented, a subtest of the handedness test was administered (left and right hand, 15 s each), to minimize carryover effects (Rottenberg, Ray, & Gross, 2004) .
Prestudy
There were 78 undergraduate students (62 women, 16 men) aged 18 to 29 years (M ϭ 21, SD ϭ 2 years) who participated in a prestudy that was conducted before the actual study, to verify if the newly developed films were suitable to evoke the expected affective states. The prestudy, in which participants only filled out the rating scales after watching the ECOFs, was carried out as a group test in a large lecture room. As the analysis of the rating scales yielded virtually identical results as that of the main study, details of the results of the prestudy are not reported here. The results clearly indicated that all films effectively elicit the respective affective states.
Statistical Analysis
To examine the research questions, ANOVAs, analyses of covariance (ANCOVAs), and planned comparisons were performed. The multivariate approach to repeated measures analyses was used in case of violation of the sphericity assumption, which allows valid tests under nonsphericity conditions (Vasey & Thayer, 1987) . Covariates in the ANCOVAs were standardized on the individual mean across conditions, thus eliminating between subjects variability, to effectively control the variance within participants (i.e., individual changes of interest, arousal, or motivational direction across conditions). For ANOVAs, estimates of effect size are reported using partial eta-squared ( p 2 ), which gives the proportion of variance a factor or interaction explains of the overall (effect ϩ error) variance. For t tests, effect sizes were calculated as Cohen's d.
Results
Manipulation Check
To confirm effectiveness of the mood induction, a 5 ϫ 10 ANOVA was conducted, with ECOF (N, C, X, S, A; withinsubjects factor) and affect (cheerfulness, anxiety, sadness, anger, disgust, hatred, desire, envy, pride, joy; within-subjects factor) as independent variables and the affect ratings as the dependent variable. Both main effects (ECOF: F(4, 66) ϭ 53.13, p Ͻ .001, p 2 ϭ .76; affect: F(9, 61) ϭ 51.1, p Ͻ .001, p 2 ϭ .88) and the interaction (F(36, 34) ϭ 13.33, p Ͻ .001, p 2 ϭ .93) proved to be significant. Only the interaction effect is relevant in the context of this study, however. Means are shown in Table 1 . They indicate that all films successfully evoked the respective affective state. For each of the films (e.g., anxiety film) the respective affect (e.g., anxiety) was rated markedly higher than the other affects (e.g., sadness, anger, cheerfulness), and each affect rating (e.g., sadness) was markedly higher for the respective film (e.g., the sadness film) than for the other films (e.g., anxiety, anger, cheerfulness, and neutral film). Moreover, with the exception of very closely related emotions (anger-hatred and cheerfulness-joy), the evoked affect was not seriously confounded with other emotions. For the neutral film, none of the affects was rated distinctly higher than the other affects.
To examine to which degree the ECOFs induced changes in the theoretically relevant dimensions, a one-way multivariate ANOVA was performed with the dimension ratings (valence, motivational direction, arousal, interest) as dependent variables and ECOF (N, C, X, S, A; within-subjects factor) as the independent variable (F (16, 835) Table 2 . Markedly more negative valence was ascribed to the affective states after the anxiety, sadness, and anger films than after the neutral film. The affective state after the cheerfulness film was rated more pleasant than after the neutral film. The anxiety and sadness films were associated with markedly more withdrawal motivation than the neutral, cheerfulness, and anger films, whereas the anger film did not differ from the neutral and cheerfulness films. Moreover, the cheerfulness film elicited more approach motivation than the neutral film. The neutral film evoked lower scores in the arousal dimension than all other films. Additionally, the sadness film induced slightly less emotional arousal than the anxiety, anger, and cheerfulness films. The cheerfulness and the anxiety film were rated more interesting than the other films, although the effect is clearly smaller than that for the other dimensions. The interest ratings of the sadness and anger films did not differ from those of the neutral film.
Lateralized Cognitive Performance
To compare relative verbal versus figural fluency performance after ECOFs with low versus high degrees of the dimensions of valence, motivational direction, and arousal, planned comparisons were per- formed. To control possible influences of differences in interest levels, interest was entered as a covariate. The following specific a priori contrasts were tested. Valence: C versus X, S, A; motivational direction: C, A versus X, S; arousal: N versus C, X, S, A. The results of the planned comparisons are shown in Table 3 . They indicate that both approach motivation and low intensity of emotional arousal were associated with relatively better left than right hemisphere performance (i.e., relatively better verbal than figural fluency performance), whereas withdrawal motivation and high intensity of emotional arousal were associated with relatively better right than left hemisphere performance (i. To further explore the significant effects of motivational direction and arousal two additional analyses tested the effect of one variable controlling the other. That is, the motivational direction contrast was tested using arousal as a covariate and the arousal contrast was tested with motivational direction as the covariate. Both effects remained significant (motivational direction: t(69) ϭ 2.10, p Ͻ .05, d ϭ .25; arousal: t(69) ϭ 3.05, p Ͻ .005, d ϭ .37). These findings suggest that the two emotional dimensions may make unique contributions in accounting for variance of relative verbal versus figural fluency performance and, therefore, the effects of motivational direction and emotional arousal may be additive. In Figure 2 the strong linear relationship of the laterality scores to the sum of the motivational direction plus arousal ratings of the films is illustrated in a scatter plot (r ϭ Ϫ.98, n ϭ 5).
The main analysis was repeated testing other contrasts, in which not all of the emotional films were used, to provide an alternative approach to minimize confounds between dimensions (instead of Note. ECOF-N, ECOF-C, ECOF-X, ECOF-S, ECOF-A: neutral, cheerfulness, anxiety, sadness, and anger emotionally contagious films, respectively. Critical differences Tukey's HSD: valence HSD ϭ 7.8; motivational direction HSD ϭ 7.5; arousal HSD ϭ 9.0; interest HSD ϭ 8.2. calculating analyses of covariance). In this analysis, the following contrasts were tested: Valence: C versus A, t(69) ϭ 0.56, ns; motivational direction: A versus X, S, t(69) ϭ 1.69, p Ͻ .10; d ϭ .20; arousal: N versus C, (X ϩ S)/2, t(69) ϭ 2.42, p Ͻ .05; d ϭ .30. Interest ratings were used as a covariate. The pattern of results remained essentially the same as in the original analysis. The motivational direction effect was weaker, probably because anger was associated with less approach motivation than cheerfulness (see Table 2 ), and in the original contrast both anger and cheerfulness were included. For the sake of completeness the effect of mood induction on total performance was examined. The analysis of variance with ECOF (N, C, X, S, A) as independent and the sum of absolute verbal and figural fluency scores as the dependent variable yielded a nonsignificant result, F(4, 276) ϭ 1.5, ns. A further supplementary analysis with time of performance (1st, 2nd, 3rd, 4th, 5th test) as independent and the sum of absolute verbal and figural fluency scores as the dependent variable, F(4, 276) ϭ 41.6, p Ͻ .001 indicated that on average participants showed somewhat weaker performances in the later tests (4th test: 21.5, 5th test: 22.2) than at the beginning of the experiment (1st test: 25.7, 2nd test: 24.4, 3rd test: 26.7). Performances in both tests showed very similar temporal patterns. None of the other analyses were affected by this effect, however, because order of films was counterbalanced (see Method section). General increases or decreases in performance are also eliminated by use of the laterality quotient. Correlational analyses examining between subjects variance of changes in cognitive lateralization and the dimension ratings within one emotion condition produced no significant results.
Discussion
The results of the current study showed that relative left versus right hemisphere cognitive performance changed after watching short emotionally contagious films. There is good reason to assume that the different patterns of performance are in fact directly attributable to emotional factors that were varied. The changes occurred in the context of experimentally manipulated affective states, after watching films that (except from the displayed affect) were completely comparable. The findings supported the validity of the films as a suitable technique to elicit specific affective states (i.e., cheerfulness, anxiety, sadness, and anger) and to induce changes in the dimensions valence, motivational direction, and arousal in varying degrees. Moreover, the effects clearly cannot be attributed to differences in interest in the films.
The pattern of results is compatible with predictions that can be made based on the models that were reviewed in the introduction. However, the findings suggest that changes of hemisphere specific cognitive performance were not determined by only one of the emotional dimensions alone. Independently of each other, both the tendency to withdraw and emotional arousal seemed to produce relative advantages for cognitive processes that are more strongly represented in the right prefrontal cortex. Valence was not identified as a relevant dimension. This corresponds to the supposition of other researchers that motivational direction may be more important in this context than valence (Harmon-Jones, 2004a, b; Harmon-Jones & Allen, 1998; Harmon-Jones & Sigelman, 2001; Hewig, Hagemann, Seifert, Naumann, & Bartussek, 2004) . Results support the tentative conclusion that changes in hemispherespecific cognitive performance are best explained by an additive combination of motivational direction and arousal. During sadness and anxiety, when both the tendency to withdraw and emotional arousal are strong, cognitive asymmetry is most lateralized to the right hemisphere. During cheerfulness and anger, a relatively strong arousal component is added to the approach-related affect. Thus, during these affective states cognitive asymmetry is more left-lateralized than during sadness and anxiety but more rightlateralized than it is in the neutral condition. The neutral condition does not elicit distinct approach-or withdrawal-related moods, but emotional arousal is low. Consequently, the neutral condition is associated with the leftmost asymmetry, that is, it is not in between those of the approach-and the withdrawal-related affective states (see Figure 2) .
Present findings replicate and extend those of previous studies on performance changes in hemisphere-specific cognitive tasks, in which the study designs were less differentiated with respect to the affective dimensions (Bartolic et al., 1999; Gray, 2001; see introduction) . Other experimental results might in part seem to contradict the present results. It was observed, for instance, that visuospatial working memory (i.e., performance in a task that is more efficienctly performed by the prefrontal cortex of the right hemisphere) was impaired during acute threat of shock (i.e., during an unpleasant affective state with withdrawal motivation; Shackman et al., 2006) . This conflict may be resolved by considering the fact that threat of shock represents an acute stress condition compared to a manipulation of mood. Several experimental studies have demonstrated that stress can alter or even reverse hemispheric specialization of functions (see Papousek & Schulter, 2006 for review) . One possible explanation for these dynamic alterations of laterality is that efficiency of a hemisphere is best when overall arousal is intermediate. Normally, additional arousal can prime a hemisphere, thus increasing its efficiency. However, too much additional arousal may overload the processing capacities of a hemisphere and, consequently, reduce its efficiency (Papousek & Schulter, 2006; and see Gruzelier, 1993 for a similar hypothesis). A similar suggestion was made by Shackman et al. (2006) , without referring to laterality, however. They proposed that the effects of threat on working memory performance might obey an inverted-U function: performance may be disrupted by more extreme levels of threat but may be enhanced by modest levels of anxiety. Similar mechanisms may be responsible for observations that in some studies higher levels of affect facilitated cognitive functions, whereas in other studies general performance was impaired (Mitchell & Phillips, 2007) . However, it should be noted that the seemingly contradictory findings are from studies that were not designed to specifically draw conclusions on hemisphere asymmetries. Thus, in those studies the results may also have been confounded with general effects on performance, for instance, distraction of attention, motivation, and so forth, and are not directly comparable with those of the present study. It also seems plausible that distraction processes play a greater role with acute threat of shock than with moderate changes of mood.
Although laterality models of affect inform the theoretical background of the current study, the findings do not allow direct interpretations with respect to the models themselves (i.e., more general interpretations that go beyond the changes of lateralized cognitive performance). For that, the results will have to be replicated with more direct methods (e.g., EEG) that also permit evaluation of whether and how much the effects are localized to the prefrontal cortex. Nevertheless, current results at least in part correspond to findings from other studies with electrophysiological or brain imaging methods. Based on an fMRI study, for instance, Killgore and Yurgelun-Todd (2007) reached a similar conclusion, that is, the assumption of two lateralized processes, one associated with emotional processing in general and the other associated with valence. However, they did not focus on emotional experience but on emotional perception and, hence, more on posterior brain regions. The laterality model of Heller and coworkers also implicates the contribution of both the valence and the arousal dimension. However, in this model only valence is considered as being associated with prefrontal asymmetry, whereas emotional arousal is thought to be related to more posterior asymmetries (Heller et al., 2003) . In neither of these studies was a differentiation between valence and motivational direction taken into account. Hence, what was interpreted as the effect of valence could as well have been an effect of the motivational direction dimension. However, although figural fluency has not been related to the parietal cortex yet, the visuospatial component in this task may also implicate a contribution of posterior brain regions. As the arousal effect seems to be predominantly attributable to changes in figural fluency, it cannot be excluded that changes in (right) posterior brain regions might be responsible for the effect of emotional arousal on lateralized cognitive performance. Recent investigations on autonomic nervous system correlates of different emotion conditions also pointed to the importance of two independent dimensions. When a differentiation of valence and motivational direction was possible, a motivational direction plus arousal model was considered more appropriate than a valence plus arousal model (Christie & Friedman, 2004) . Nevertheless, in research on the laterality models of affect, the view of combined effects of more than one affective dimensions does not seem to have gained much attention yet.
The assumption of an additive effect of intensity of emotional arousal on prefrontal asymmetry, in addition to the effect of motivational direction, might explain several contradictory findings in the literature. For instance, different lateralization has been observed for different types of anxiety that obviously differ in the extent of emotional arousal. In state anxiety in response to immediate threat ("anxious arousal") relatively more activity in the right than left prefrontal cortex was observed, according to the valence or motivational direction models. However, in anxious apprehension (worry, trait anxiety, anticipation of future threat) this lateralization was considerably weaker (Heller et al., 1997; Nitschke, Heller, & Miller, 2000; Nitschke, Heller, Palmieri, & Miller, 1999) . Of course, other explanations are also suitable for this finding, for instance, left prefrontal activation because of a strong contribution of verbal processes in worrying (Nitschke et al., 1999) . Although present results suggest an additive effect of motivational direction and arousal, the possibility that arousal may not be an independent dimension, but only represents intensity of activation of either the approach or the withdrawal system (cf. Lang et al., 1998) cannot be completely excluded either at this stage.
Another reason why further studies will be necessary for more far-reaching interpretations is that the observed pattern of relations could in part be specific for the study design of the current investigation, in which affective states were manipulated by emotional contagion. It was suggested that the right hemisphere may be more involved in automatic affective processes whereas the left hemisphere may be more important for their control and modulation (Gainotti, 2000) . The affective state that is experienced is a result of the interplay between automatic processes and their regulation. As emotional contagion is a largely automatic and unconscious process (see introduction), regulation processes may have played a lesser role and automatic processes may have been relatively more important in the present study than in other studies in which mood induction procedures requiring more cognitive activity were used.
In addition, laterality models of affect primarily focus on interindividual differences in affective and laterality traits. Yet, the aim of the present study was to study changes within individuals (between emotion conditions), that is, cognitive concomitants of changes in laterality produced by the manipulation of emotional factors. Intraindividual changes of a variable that occur across several observations do not necessarily correspond to the interindividual differences (between-subjects correlations) in the same variable (Labouvie, 1980; Lykken, 1975; Papousek & Schulter, 2006) . Correlational analyses showed that this is not the case in the present study either. However, the methodology of the present study is a priori not well suited to study also interindividual differences. Performances in hemisphere specific cognitive tasks, although well suited to study changes within individuals (see introduction), are not suitable to examine differences between individuals: Both task performance and cortical activation asymmetries are influenced by many independent trait factors (e.g., intelligence and trait individual differences in brain lateralization). Therefore, individual differences in task performance are not suitable as an indicator for individual differences in cortical laterality. (However, as extensively explained in the introduction, it can be expected that a relative shift of activation asymmetry to the left is associated with a relative increase in verbal vs. figural fluency performance.) The analysis of differences between individuals would require much stronger assumptions, which cannot be made based on knowledge of hemispheric laterality.
In conclusion, the present study clearly demonstrated that cognitive performances associated with the dorsolateral prefrontal cortex and asymmetrically represented in the hemispheres changed in an explicable way when affective states were manipulated. This finding suggests that altered mood states are accompanied by cognitive changes that do not only concern the general functional capacity of a person, but are specifically related to certain functions that are anatomically or functionally related to the substrates of affective processes. In addition, the findings suggest important affective dimensions (or combination of dimensions) to explain differences in prefrontal activation asymmetries and, thus, may provide a helpful starting point for future studies.
